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ABSTRACT 

The resistojet propulsion module Is designed 
as a simple, long life, low risk system that offers 
operational flexibility to the Space Station Pro- 
gram. It can dispose of a wide variety of typical 
Space Station waste fluids by using them as propel- 
lants for orbital maintenance. A high temperature 
mode offers relatively high specific Impulse with 
long life while a low temperature mode can propul- 
slvely dispose of mixtures that contain oxygen or 
hydrocarbons without reducing thruster life or 
generating particulates In the plume. A low duty 
cycle and a plume that Is confined to a small aft 
region minimizes the Impacts on the users. Simple 
Interfaces with other Space Station systems facil- 
itate Integration. It Is concluded that there are 
no major obstacles and many advantages to develop- 
ing, Installing, and operating a resistojet propul- 
sion module aboard the Initial Operational 
Capability (IOC) Space Station. 

INTRODUCTION 

This report describes a conceptual design of 
a resistojet propulsion module, Including an 
approach to Its Integration Into the Initial Oper- 
ational Capability (IOC) Space Station. 

The Initial Space Station reference configur- 
ation consisted of a single hydrazine propulsion 
system. 1 Subsequent trade studies resulted In a 
gaseous hydrogen/oxygen high thrust system and a 
low thrust multipropellant resistojet system as 
the baseline propulsion systems. 2 System trade 
studies have shown that a resistojet propulsion 
system that uses a wide variety of excess fluids 
expected to be present on board the Space Station 
offers substantial cost savings. 2 * 3 Cost savings 
can be realized using excess fluids In reslstojets 
by eliminating or reducing propellant resupply for 
altitude maintenance and reducing the logistics 
problems and costs associated with disposing of 
these excess fluids. The resistojet system 
utilizes waste fluids from Space Station systems 
such as the Environmental Control and Life Support 
System (ECLSS), Manufacturing and Technology Labo- 
ratory (MTL) , etc. 

Reslstojets have been used In many spacecraft 
applications In the past. 4 * 5 In these applica- 
tions, high-performance hydrazine reslstojets have 
generally been used. For the Space Station appli- 
cation the use of reslstojets with excess fluids 
will require an emphasis on a multipropellant 
capability and long life characteristics. To pro- 
vide this technology an Advanced Development Pro- 
gram was put In place In 1985 and Is successfully 
addressing the life, compatibility, and performance 
Issues. 6 * ' 

This report considers the design of the 
resistojet module and Its Integration Into the 
Space Station. The objectives of the resistojet 
system design are: provide Impulse for the Space 


Station altitude maintenance, use the maximum 
amount of excess fluids, have long life so as to 
minimize replacement, and also minimize Impact on 
the Space Station environment. This report pro- 
vides: a brief description of the requirements and 
the waste fluid availability, a description of the 
resistojet system, and finally a discussion of the 
Integration. A detailed description Is provided 
In Ref. 8. 

REQUIREMENTS 

The following considerations and requirements 
were used In this design study of the resistojet 
system: 

Multipropellant capability . It Is beneficial 
to use as many waste fluids as possible for propul- 
sion. This reduces the propellant resupply and 
the logistics problems of disposing of these 
fluids. The capability to use oxidizing, reducing, 
and Inert gases and steam Is desirable since these 
gases will be available. 

Power . A peak power of 2 kW was assumed for 
the resistojet system. This seemed appropriate 
based on the power allotment for propulsion for a 
hydrazine system which was 1 kW average power. 1 
The average resistojet power will be less than 
one-fourth the peak value (see the power section). 
Based on the assumed 2 kW power limitation a module 
of four 500 W reslstojets was used for this study. 

Function - altitude maintenance . The resisto- 
jet propulsion system Is a low thrust system, 
approximately 80 mlb/thruster , that can provide 
Impulse for the altitude maintenance of the Space 
Station. A high thrust system, approximately 25 
lbf/thruster , Is required to perform all reaction 
control/attitude control functions, and collision 
avoidance. If there are Insufficient waste fluids 
for the resistojet system to satisfy the altitude 
maintenance requirements the high thrust system 
will supply the remaining Impulse requirements. 

The total Impulse requirements for the altitude 
maintenance of the Space Station may be between 12 
million lb-sec for a constant altitude of 250 n ml 
and 61 million lb-sec for a varying altitude (con- 
stant drag) that depends on the density of the 
ambient atmosphere. Table I. 

Life . The Impulse requirements represent 
lifetimes far greater than present reslstojets 
have been required to meet. A goal 10 000 hr or 
2 million Ibf-sec was set for the life of each 
resistojet, which Is the same Impulse goal as that 
of the hydrogen/oxygen thrusters. This goal 
appears to be reasonable based on data of similar 
heaters used In the glass Industry. 7 

Assembly . The goal was to keep the Extravehi- 
cular Activity (EVA) assembly time to a minimum. 

Induced external environmen t. If the reslsto 
jet Is operated during payload viewing operation. 
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the plume must be controlled for all effluents so 
that the molecular number column density along any 
line of sight does not exceed levels that are 
detrimental to sensitive payloads. Similarly, 
there are also particulate background and molecular 
deposition requirements. 

WASTE FLUIDS 

The Integrated Waste Fluid System (IWFS) Is 
responsible for collecting, treating, and storing 
the waste fluids that will be used In the reslsto- 
jet system, see Fig. 1. A detail discussion of 
the waste fluids can be found In Ref. 10. Sources 
of waste fluids Identified to date Include the 
Shuttle scavenging, ECLSS, MTL, the Japanese and 
Columbus module laboratories, and Attached 
Payloads. 

The MTL, with up to 14 experimental facili- 
ties operational at the IOC, and the International 
modules will produce varying amounts of excess 
fluids. Amounts of waste fluids generated by these 
modules are dependent on the complement of experi- 
ments being performed and on the amount of Space 
Station crew time spent performing the experiments. 
Contaminants and associated concentration levels 
contained In the produced fluids are unavailable 
at this time. It is therefore assumed that until 
better contaminant Information Is available that 
the waste fluids will be cleaned sufficiently to 
allow for safe, long term storage and also for use 
In the reslstojet propulsion system . 

Attached Payload waste gases result from 
both purging of the experiments and cryogenic boll- 
off. To avoid venting and Its associated external 
contamination Impacts, these gases must be collec- 
ted and stored. These relatively clean gases may 
then be used to meet other Station requirements 
(e.g., MTL or propulsion) or be recycled for reuse 
by the attached payloads where feasible. Attached 
payload waste gases vary greatly as a function of 
time In their types and amounts due to relatively 
short run times at the Station (typically 1 to 
4 yr). An attached payload complement scheduled 
for operation at or near IOC which require and 
generate gases Is: the Cosmic Ray Nuclei Experi- 
ment, the Solar Terrestrial Observatory, the Long 
Term Cryogenic Storage, and the Active Optic 
Technology . 

Table 2 summarizes the overall Space Station 
waste gas Inventory for IOC and growth. The growth 
predictions are based on the Station growing from 
one-half million 1b at IOC to one million lb after 
10 yr and 2 crew member added every 2 yr from 8 
crew members at IOC to 18 at IOC + 10 years. 
Japanese and Columbus Labs waste gas output Is 
assumed constant for the 10 yr period. Attached 
Payload growth predictions are based on Station 
mass growth starting with the above four waste 
fluid-generating payloads. The amounts of excess 
water (If any) are not Included since many options 
that affect the water balance have not been 
defined, e.g., the ECLSS process or water available 
from Shuttle scavenging. 

RESISTOJET PROPULSION SYSTEM 

A reslstojet propulsion system design, system 
hardware, operation, and Integration are described. 


System Schematic 

Figure 2 Is a schematic of the reslstojet 
assembly which Incorporates the capability to use 
both waste water and gases. The reslstojet assem- 
bly consists of thrusters, power controllers, fluid 
and electrical lines, latch valves, pressure regu- 
lators, check valves, filters, water vaporizers, 
and related Instrumentation. This assembly con- 
sists of two redundant subassemblies with each 
subassembly being an orbital replacement unit 
(ORU). The reslstojet assembly plus the hydrogen/ 
oxygen assembly make up the reboost module. 

Oxidizing gases, nonoxidizing gases and water 
are supplied to the reslstojet system from the 
Integrated Waste Fluid System. The fluids are 
assumed to be usable for the reslstojets without 
further processing. A filter Is used downstream 
of the fluid connection to prevent any debris In 
the fluid lines from entering the reslstojet 
system. Flow control of the gases Is with a pres- 
sure regulator set at a pressure of 40 psla which 
Is based on heating the nominal gas composition 
shown In Table 2. The water flow Is controlled by 
the pumps In the Integrated Water System and Is 
vaporized before being sent to the reslstojets. 
After passing through Isolation valves located 
with each reslstojet, the fluid then enters one or 
more reslstojets where It Is heated and expelled 
propulsl vely . 

Reslstojet Propulsion Subassembly Layout 

The Reslstojet Propulsion subassembly con- 
sists of a bank of four reslstojets, see Fig. 3.11 
Two redundant subassemblies comprise an assembly. 
The reslstojet assembly Is attached to a long boom 
or stinger that extends out past the laboratory 
modules. The assembly also Includes micrometeoroid 
and thermal shielding (not shown In the assembly 
drawing) . 

Two 1/4-1n. (outside diameter) fluid lines 
from the nonoxidizing waste fluids storage system, 
two l/4-1n. fluid lines from the oxidizing waste 
fluids storage system and two l/8-1n. water lines 
are routed along the boom to the reslstojet propul- 
sion assembly. The lines are manifolded together 
so that each reslstojet can be supplied with any 
of the waste fluids. 

Parts List and Weights 

A parts count and weights for the reslstojet 
system Is given In Table 3. Included are the two 
operational orbital replacement units and a spare 
unit stored aboard the Space Station. ^ Only 
three Items In the list, the reslstojet thruster, 
power control unit, and water vaporizer, require 
development for the Space Station application. 

The reslstojet and the power control unit are dis- 
cussed below. The Issue with the vaporizer Is 
long life since the effect of zero gravity In space 
should not be a factor. 

Unique Components 

Multipropellant reslstojet . The thruster 
heater and heat exchanger are fabricated primarily 
from platinum. The multlpropellant reslstojet 
will be able to provide cold-gas flow, warm-gas 
flow to prevent condensation In the exhaust, and 
high temperature flow for Increased performance. 
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The Engineering Model reslstojet thruster described 
here was designed under a NASA Lewis Advanced 
Development Program contract and a detailed 
description Is given In Ref. 12. The major 
thruster components are shown In Fig. 4. The heat 
exchanger Is centrally located and of a pleated 
design. The gases are heated by a platinum 
sheathed heater which has heritage from the commer- 
cial glass industry. The reslstojet life and 
mul tlpropellant capability has been demonstrated 
by compatibility tests with typical waste fluids 
from Space Station systems such as CO 2 , CH 4 , H 2 O, 

H 2 and O 2. 7 The heated gas Is expanded out In 
conventional cone shape nozzle that flairs through 
a trumpetshape nozzle with a plume deflector to 
confine nearly all of the flow In the forward 
direction. The heater, heat exchanger, and nozzle 
are thermally Isolated by using multilayer radia- 
tion shields. The temperature of the outer housing 
of the reslstojet assembly Is predicted to be less 
than 300 °C. The basic reslstojet Is designed with 
a 500 W heater that can provide thrust levels from 
20 to 200 mlb . 13 Table 4 shows the specific 
Impulse and thrust as a function of flow rate and 
power for various Space Station waste fluids. The 
mixed gas Is based on a homogenous mixture of the 
1995 IOC gases shown In Table 2. 

Reslstojet power controller . The purpose of 
the controller Is to regulate the current flow to 
the reslstojet heater during start-up and steady 
state operation while power matching the heater to 
a high voltage power bus. The reslstojet heater 
has a very low resistance (0.35 Q) at ambient 
temperature and the resistance Increases by about 
a factor of three at the maximum operating heater 
temperature (1400 °C). The controller's primary 
function Is to avoid excessive current spikes at 
start-up and ensure that the maximum heater temper- 
ature Is not exceeded by maintaining the heater 
resistance within an acceptable limit. A 20 kHz 
power controller for use In development studies 
has been designed and built and Is described In 
Ref. 14. 

SYSTEM OPERATION 

Three modes of operation are possible with 
the reslstojet power controller discussed above. 

The first mode Is a high temperature mode In which 
the gases are heated using the maximum heater tem- 
perature of about 1400 °C which still provides 
long life. Note that the high temperature In this 
mode Is still relatively low compared to tempera- 
tures of 1900 °C In high performance hydrazine 
reslstojets. The second mode Is a warm gas mode 
In which the gases are heated to between 300 and 
500 °C . Heating above 300 °C Is desired to prevent 
condensation of gases In the exhaust. Heating to 
less than 500 °C Is desired to prevent cracking of 
hydrocarbons when significant amounts of these are 
present In the waste gases. For long life, mix- 
tures containing oxygen would also be used In this 
mode. The high temperature mode provides 60 
percent more Impulse than the warm gas mode and 
would be used whenever possible assuming the 
maximum Impulse Is required for altitude main- 
tenance. Finally, a third mode Is a cold gas mode 
In which the gases are not heated at all. The 
cold gas option Is not considered further because 
of the problem of condensation In the exhaust, 
e.g., water vapor or carbon dioxide condensation. 


This flexibility In operation gives reslsto- 
jets the capability to use oxidizing, reducing, 
and Inert gases plus the use of water as steam. 
There Is also synergism with the hydrogen/oxygen 
system since the water supplied to the hydrogen/ 
oxygen electrolyzer or the hydrogen and oxygen 
from the electrolyzer could be used as propellant 
for the reslstojet. 

Waste Gas Impulse 

The Impulse available from the waste gases 
Is shown In Table 5. Using the maximum Impulse 
from the high temperature mode, the total 10 yr 
Impulse can range from 10 million lbf-sec (gases 
with Bosch option) to 15 million lbf-sec (gases 
with Sabatier option). The reboost Impulse 
requirements range from 12 to 60 million lbf-sec 
total 10 year Impulse depending on which operating 
altitude scenario Is used (see Table 1). Thus, 
reslstojets can provide a significant percent of 
the reboost requirements depending on which options 
are chosen. The proportion of time using the high 
temperature mode or warm gas mode will also be 
determined by waste gas compositions. The amount 
of water used through the reslstojets Is not 
defined at present and will depend on the water 
availability and the needs of the hydrogen/oxygen 
system. 

Duty Cycle 

Important considerations In determining the 
duty cycle are the user needs. Some attached pay- 
load users have requirements that mandate reducing 
contamination of the external environment to a 
minimum. For such users there may be advantages 
to operating the reslstojet thrusters a small frac- 
tion of the time. Two reasons can be cited for 
operating at a low duty cycle. First the off time 
represents quiet, optimum conditions for viewing 
In all directions. Secondly, If for any reason a 
payload user felt the need to protect a sensitive 
surface during operation, a low duty cycle would 
minimize the time that his Instrument was covered 
and Inactive. There Is evidence that astronomical 
and earth viewing can continue during reslstojet 
operation since for most viewing angles, the con- 
tamination requirements expressed In terms of 
column density and deposition rates will not be 
exceeded . 

In determining the minimum duty cycle that 
can be achieved, one must consider the power 
requirements. Figure 5 shows duty cycle versus 
peak power using only the IOC waste gases. With 
2 Kw as the peak power the duty cycle using the 
IOC waste gases Is 12 percent. Note that the total 
energy level or average power used by the reslsto- 
jet does not change, just the peak power. 

For a semi-continuous duty cycle, the period 
of the duty cycle also has to be determined. 
Examples of possible periods are one orbit, one 
shift, one day, or one week. As Space Station 
user needs and operations become better defined, 
reasons for a definite duration length may emerge. 
Aperiodic operation Is also possible. A possible 
reason for aperiodic operation Is to accommodate a 
microgravity experiment. Using a variable control 
the reslstojet thrust could exactly balance Space 
Station drag to reduce the gravity environment. 
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Operational Scenario 

Operation of the reslstojet module Is through 
the Guidance Navigation and Control System. Upon 
command, appropriate latch valves are opened, the 
water vaporizer Is activated, If necessary, and 
the reslstojet heater Is activated through the 
controller . 

An operational sequence and timeline for 
reslstojet start-up, based on a transient analysis 
for the nominal waste gas composition, Is shown In 
Fig. 6. A timeline for reslstojet operation with 
water Is given In Ref. 8. The power Is turned on 
prior to opening the flow valve to reduce the tran- 
sient time and to preclude Injecting cold gas Into 
the environment. The time for the heat exchanger 
to reach 95 percent of the steady state temperature 
without flow Is 610 sec. Thrust Is Initiated at 
approximately 95 percent of steady state tempera- 
ture, which corresponds to approximately 97.5 per- 
cent of steady state specific Impulse. The thrust 
level at start-up Is the same as the steady state 
value, because the decrease In specific Impulse Is 
offset by the Increase flow at the lower gas tem- 
perature for a pressure regulated feed system. The 
reslstojet run valves are opened approximately one 
second after opening df the storage subsystem 
valve. This Is sufficient time to fill the 60 ft 
of l/4-1n. diameter tubing. After the valves are 
opened an additional 200 sec Is required to reach 
steady state temperature. 

The shutdown sequence Is Initiated by turning 
off the storage subsystem valve. For the supply 
line pressure to drop below the regulator operating 
pressure takes approximately 60 sec. The power to 
the reslstojet Is then turned off. The relatively 
high heat capacity of the heater results In only a 
small decrease In exit gas temperature of approxi- 
mately 10 °C as the residual gas Is vented. After 
an additional 30 sec, the pressure In the tubing 
will decay to less than 0.4 psla. At this time, 
the reslstojet If operating with a reducing gas 
could be restarted and operated with an oxidizer 
fluid without reaction because of the low partial 
pressure of the reducing gas In the supply line. 

SYSTEM INTEGRATION 

The reslstojet propulsion module will have 
Interfaces with at least four distributed systems; 
Data Management, Guidance Navigation and Control, 
Power, Waste Fluid Management, and possibly 
Thermal . 

QMS and GN&C . Operational commands from 
Guidance Navigation and Control will be delivered 
to a local Data Management bus via a Network Inter- 
face Unit/Bus Interface Adapter. A Multiplexer 
Demultiplexer (MDM) will be the junction of the 
local bus and the reslstojet's various compo- 
nents. The MDM will receive condl- tloned voltage 
and current signals from the reslstojet heater 
element, line pressures, valve position, and water 
vaporizer current, pressure, and voltage. These 
signals will be passed through the DMS to GN&C for 
actuation of the systems. 

Power system . Power will be supplied to the 
Remote Power Controller, and to the water vaporizer 
from the Space Station power bus. Currently the 
reslstojet heater element could operate at 440 Vac 
(or 220 Vac) and 20 kHz, or on a high voltage dc 


supply. The power required to operate valves and 
other sensors Is expected to be low voltage dc 
supplied from a dc bus. 

Waste fluid management system . Fluids will 
be supplied to the reslstojet module from storage 
tanks. These fluids will consist of nonoxidizing 
gas mixtures, waste water, and possibly oxidizing 
gases. 

Thermal control system . Design Iterations 
are still ongoing to determine possible Interfaces 
with this system. None have been Identified at 
this time. 

Power Usage 

The power required by the reslstojets con- 
sists of the power for controlling valves and oper- 
ating the heating element of the reslstojets. The 
power required by the reslstojet system Is depen- 
dent on the fluid types and amounts, and the oper- 
ating point of the reslstojets. The power required 
shown In Table 6 reflects the gases In Table 2 
heated to obtain maximum Impulse. These power 
usage numbers reflect the maximum power that will 
be needed by reslstojets. If the Impulse that Is 
available from the waste gases Is greater than 
what Is needed, the reslstojet will be run at a 
lower operating point. This translates Into 
reduced power consumption. 

Assembly and Location 

A reboost module will consist of a reslstojet 
thruster assembly and a hydrogen/oxygen thruster 
assembly. I 5 A possible reboost module configur- 
ation Is shown In Fig. 7. The thrusters are on a 
stinger or truss that can be extended as the 
Station Is assembled, see Figs. 7 and 8. The 
stinger could be self deployable as was the unit 
flown on the Solar Flight Experiment aboard STS 
41-D. 16 

The location of the reboost stinger Is 
through the geometric center of the Station which 
should be nearly through the center of gravity. 

This Is Important when considering the torques 
Imposed upon the station, even those as small as 
the ones created by the reslstojets. Potential 
Impingement of the plume upon the modules or the 
Japanese experiments porch Is not a problem using 
an extendable boom as shown. 

Plume Analysis 

The multipropellant reslstojet propulsion 
module will use a variety of gases, some more 
benign to observers and Space Station sensitive 
surfaces than others. In the clean category are 
hydrogen, nitrogen, oxygen, and helium, which are 
all relatively Infrared Inactive and condense at 
very low temperatures. The more Infrared active 
molecules Include methane, carbon dioxide, and 
water, which also condense at higher temperatures 
than the benign fluids listed above. Whatever the 
propellant may be, the reslstojet will exhaust It 
In the aft region at temperatures low enough to 
avoid dissociation and high enough to preclude 
condensation and at velocities around 1 km/s oppo- 
site to the Space Station velocity vector. 

Particulate background . Reslstojet operating 
conditions ( 1 . e . chamber pressure and temperature) 
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and short nozzle length (less than an Inch) pre- 
clude condensation In the nozzle, based on one- 
dimensional Isentroplc expansions analysis. Beyond 
the nozzle exit, the collision frequency decreases 
rapidly and condensation Is less probable than In 
the nozzle. 

Molecular column densities . Molecular column 
density Is calculated by Integrating the number 
density (number of molecules of a particular 
species per unit volume) along a specified line of 
sight. In order to perform this calculation, the 
density field produced by the reslstojet must be 
known. A modified version of Simons' method for 
calculating far field plume structure was used to 
obtain an equation for the density field, 17 which 
was Integrated along lines of sight originating 
from the center of the upper boom of the dual keel 
reference configuration. The results of this pro- 
cess for a reslstojet with a nozzle half angle of 
10° using the nominal IOC gas mixture and operating 
at a thrust level of 0.050 lbf Is given In Fig. 9. 
This figure shows the variation In number column 
density with line of sight angle (0° Is looking 
forward and 90° Is the zenith line of sight). Also 
shown are the column density requirements. The 
limits are not exceeded until the line of sight 
originating from the center of the upper boom 
passes near where the reslstojet Is located, pre- 
sumably a seldom used viewing direction. There- 
fore, the area of concern for observing experiments 
Is the aft-looking lines of sight which comprise 
only about 3 percent of the total solid viewing 
angle. Observations In the aft direction can be 
easily accommodated due to the relatively low 
duty cycle. 

Preliminary results obtained from quartz 
crystal microbalance measurements of a CO 2 plume 
In a NASA Lewis vacuum tank facility Indicate that 
the modified Simons' model plume density predic- 
tions agree well with QCM data to within a factor 
of five for the points In which data were col- 
lected. 18 This gives credibility to the esti- 
mated order of magnitude accuracy of the column 
density level calculations. 

Molecular deposition . Molecular deposition 
from propulsion system effluents can result from 
direct source-to-surface transport or from return 
flux. Return flux occurs when the propulslvely 
emitted molecules Impinge on a surface due to col- 
lisions with the ambient molecules. Preliminary 
calculations for return flux Indicates a very low 
return flux from reslstojet thrusters, approximately 
10 7 molecules/cm 2 /sec. This level should not be a 
problem. More work needs to be done In modeling 
of the return flux mechanism, and deposition and 
re-evaporation calculations. 

Maintenance 

There Is no scheduled maintenance required 
for the reslstojet module. If a failure occurs 
such that one thruster Is entirely inoperable, the 
remaining thrusters In that bank of four will pro- 
vide adequate redundancy. Since the heater element 
of each reslstojet Is designed to operate well In 
excess of 10 000 hr, the frequency of heater fail- 
ures should be minimal. The Installation Is 
designed for replacement of a subassembly contain- 
ing four reslstojets. 


CONCLUSION 

Reslstojets have been selected by the Space 
Station Program Office to satisfy a large percent- 
age of the reboost propulsion requirements and to 
serve as an effective means of waste fluid manage- 
ment control. The sources of waste fluids Include 
Shuttle scavenging, the Environmental Life Support 
System, laboratory modules, and Attached Payloads. 

This report presents an engineering concep- 
tual design for the Reslstojet Propulsion Module 
and an Integrated system analysis. The reslstojet 
module will be designed as a simple, long life, 
low risk system capable of using multipropellants 
typical of Space Station waste fluids. Component 
technology has been successfully demonstrated In 
the Advanced Development Program and form a strong 
basis for the next phase of applied development 
and construction. The system offers operational 
flexibility both In the disposal of these gases 
and their use as a propellant. Reducing gases, 
oxidizing gases, Inert gases and water (used as 
steam) can be utilized. Two operating modes are 
proposed; a high temperature mode for relatively 
high specific Impulse with long life, and a second 
low temperature mode that propulslvely disposes of 
mixtures that contain oxygen or hydrocarbons with- 
out reductions In thruster life or particulates In 
the plume. 

Simple Interfaces with Data Management, 
Guidance Navigation and Control, Power, Thermal 
and Fluid Systems facilitate Integration. The 
reslstojet location Is aft of the pressurized 
modules which limits the contamination effects to 
a small aft region and positions the thrust through 
the center of gravity. A low duty cycle also mini- 
mizes any Impacts on users. 

It Is concluded that there are no major 
obstacles and many advantages to developing. 
Installing and operating a Reslstojet Propulsion 
Module aboard the IOC Space Station. 
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TABLE 1. - REBOOST IMPULSE REQUIREMENTS 
[Nominal atmosphere assumed (Ref. 9).] 


Year 

Variable 

altitude 

Nominal 250 nml 


average 0.: 

mlcro-g's 

altitude 


Altitude, 

Impulse, 

lmpul se, 


nml 

lbf-sec 

lbf-sec 

1995 

189 

3 841 000 

658 000 

1996 

184 

4 500 000 

359 000 

1997 

180 

5 054 000 

313 000 

1998 

180 

4 855 000 

278 000 

1999 

180 

5 356 000 

307 000 

2000 

192 

4 753 000 

523 000 

2001 

202 

5 275 000 

1 028 000 

2002 

213 

5 967 000 

1 905 000 

2003 

221 

6 480 000 

2 646 000 

2004 

210 

7 478 000 

2 162 000 

2005 

205 

7 621 000 

1 719 000 

Total 


61 181 000 

11 899 000 
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TABLE 2. - ANNUAL WASTE GAS PRODUCTION FROM ALL SOURCES 


[Assumed Bosch ECLSS, changes with Sabatier ECLSS In Parenthesis (Tbm/yr).] 


Gas/year 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

Argon 

1264 

1264 

1264 

1264 

1348 

1348 

1348 

1026 

1026 

1109 

C0 2 

451 

693 

451 

208 

260 

260 

260 

260 

260 

260 

co 2 /ch 4 

0 

(3740) 

0 

(3740) 

0 

(3740) 

0 

(3740) 

0 

(5610) 

0 

(5610) 

0 

(5610) 

0 

(5610) 

0 

(5610) 

0 

(7480) 

Freon 

6 

6 

6 

6 

8 

8 

8 

8 

8 

9 

Helium 

229 

808 

896 

896 

813 

813 

813 

813 

41 

45 

Hydrogen 

182 

(42) 

182 

(42) 

322 

(182) 

322 

(182) 

702 

(492) 

394 

(184) 

254 

(44) 

254 

(44) 

254 

(44) 

325 

(45) 

Nitrogen 

1835 

1989 

1835 

1680 

2338 

2338 

2338 

2108 

2108 

2765 

Oxygen 

243 

243 

243 

243 

335 

335 

335 

335 

335 

426 

Xenon 

88 

88 ; 

88 

88 

no 

110 

no 

no 

no 

132 

Krypton 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

Totals 











Bosch 

4378 

5353 

5185 

4787 

5994 

5686 

5546 

4995 

4222 

5203 

1 Sabatier 

7978 

8953 

8785 

8387 

11394 

11086 

10946 

10394 

9622 

12403 


TABLE 3. - RESIST OJE1 PROPULSION ASSEMBLY COMPONENTS 


Component 

Quantity per 
subassembly 

Total on 
station 3 

Unit 

weight, 

Ibm 

Subassembly 

weight, 

lbm 

Reslstojet 

4 

12 

8.0 

32.0 

Power controller 

1 

3 

15.0 

15.0 

Latch valve 

8 

24 

0.4 

3.2 

Check valve 

3 

9 

0.2 

0.6 

Pressure regulator 

2 

6 

0.3 

0.6 

Pressure transducer 

2 

6 

0.3 

0.6 

Water vaporizer 

1 

3 

4.0 

4.0 

Filter 

3 

9 

0.1 

0.3 

Disconnect 

4 

12 

0.4 

1 .6 

Manifold 

1 

3 

9.2 

9.2 

Cables and wiring 

1 

3 

5.0 

5.0 

Structure 

1 

3 

20.0 

20.0 

Thermal shielding 
Total, 

or per assembly 

1 

3 

3.0 

3.0 

84.0 

168.0 


a One subassembly plus one redundant subassembly comprise the 

assembly; one additional replacement unit stored In the station. 
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TABLE 4. - RESISTOJET OPERATING CHARACTERISTICS 
[Mixed gases based on IOC gases excluding freon TABLE 2J 


High temperature mode 


Warm gas mode 


Specific Power, Thrust, Flow Specific Power, Thrust, mow 

impulse, W mlb rate, impulse, W mlb rate 

sec lb/hr sec lb/h 


20-400 
22-430 
25- 300 
0 

19-380 

28-500 

18-360 

22-409 


9-180 

8-160 

4-80 

8-140 

10-200 

3-54 

3-60 

8-163 


No power included for water vaporizer 


TABLE 5. - IMPULSE AVAILABLE FROM WAS1E GASES, 
LBF-SEC/YR 


Year 

All IOC gases 
with Bosch ECLSS 

All IOC gases 
with Sabatier ECLSS 

1995 

757 000 

1 210 000 

1996 

1 060 000 

1 500 000 

1997 

1 110 000 

1 560 000 

1998 

1 050 000 

1 510 000 

1999 

1 340 000 

2 020 000 

2000 

1 190 000 

1 870 000 

2001 

1 120 000 

1 800 000 

2002 

1 040 000 

1 720 000 

2003 

710 000 

1 390 000 

2004 

880 000 

1 790 000 

Total 

10 257 000 

15 370 000 


TABLE 6. - POWER REQUIREMENTS FOR THE RESISTOJE1 SYSTEM 

Year All IOC gases with All IOC gases with 
Bosch ECLSS Sabatier ECLSS 


Average 


Average 
er, 

W 
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FIGURE 5. - EFFECT OF DUTY CYCLE ON PEAK RESISTOJET 
POWER. USING ALL IOC WASTE GASES. 
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FIGURE 7. - ASSEMBLY FLIGHT NUMBER 2. 
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